The quality of Ayurveda education in post-independence India has been a matter of concern since long and has attracted criticisms of various kinds. Inadequate exposure to basic clinical skills, poorly structured curriculum, mushroom growth of sub-standard colleges, lack of innovation in the faculty development programs, and, ambiguities in the policies on integration -are a few points among others-that have been raised from time to time to suggest that the quality of Ayurveda training is poor. [1] [2] [3] [4] [5] [6] [7] In 2008, a nationwide survey that included interns, postgraduate students and teachers from more than 30 Ayurveda institutions spread across 18 states of India, showed that the 'teaching methodology' was one of the crucial areas that needed instant attention. [8] [9] [10] The study also observed that teaching and learning in Ayurveda education institutions was more 'memory-oriented' than 'understanding-and application-oriented' in general, along with being teacher-centric. The study also recommended that newer methods of active learning such as 'problem-based learning' be incorporated in Ayurveda education.
INTRODUCTION
The quality of Ayurveda education in post-independence India has been a matter of concern since long and has attracted criticisms of various kinds. Inadequate exposure to basic clinical skills, poorly structured curriculum, mushroom growth of sub-standard colleges, lack of innovation in the faculty development programs, and, ambiguities in the policies on integration -are a few points among others-that have been raised from time to time to suggest that the quality of Ayurveda training is poor. [1] [2] [3] [4] [5] [6] [7] In 2008, a nationwide survey that included interns, postgraduate students and teachers from more than 30 Ayurveda institutions spread across 18 states of India, showed that the 'teaching methodology' was one of the crucial areas that needed instant attention. [8] [9] [10] The study also observed that teaching and learning in Ayurveda education institutions was more 'memory-oriented' than 'understanding-and application-oriented' in general, along with being teacher-centric. The study also recommended that newer methods of active learning such as 'problem-based learning' be incorporated in Ayurveda education.
Though, at present, several topics from contemporary medical science ('modern medicine') are included in the syllabi of graduate program of Ayurveda, no specifi c thrust has been placed on 'integrating' the two sciences. The curriculum prescribed by Central Council of Indian Medicine (CCIM) lists out the topics from the two different streams of science under different papers and sections discretely. As Wujastyk puts it, "the two sciences have different epistemological basis and the curriculum continues to inculcate this epistemological split." [11] This split is especially obvious with the subjects such as anatomy and physiology. This in fact, poses a threat: Students go for 'rote learning', and thus miss the links between the two sciences and the links between 'theory' and 'application' leading to a state of cognitive dissonance. In 1958, Udupa committee on "Ayurveda Research Evaluation" strongly recommended that 'the delivery of relevant contents from contemporary medical physiology and anatomy to explain away the gaps left in Ayurveda' was necessary.
[1] After this, several committees and individual educationists have been arguing in favor of developing an integrative curriculum for Ayurveda education. [12] Considering these facts, we planned the present study, where, we developed a few integrative teaching methods and evaluated their efficiency in graduate level of Ayurveda education. We restricted our inquiry to the fi eld of Kriya Sharira (Ayurveda physiology) as this is a vital subject that introduces the recent understandings in human physiology along with the classical Ayurveda descriptions. It is also a subject that forms the foundation of clinical pathology, highlighting the applicability of various theories and principles in clinical setup.
Objectives of the study  To develop a few integrative methods of teaching with a view of enhancing the quality of learning experience in Kriya Sharira at graduate level of Ayurveda education  To compare the learning outcomes of these integrative methods with the conventional teaching method that lays almost no emphasis on integration.
Definition of the phrase 'integrative methods of instruction'
The meaning of 'integrative approaches' in the context of Ayurveda education is considerably different from the generally understood 'integration' in other fi elds of education. This is primarily because the so called 'epistemological split' does not come into picture in other fi elds, whereas, it is the most important factor that makes many scholars believe that a true 'integration' is not possible between Ayurveda and contemporary biomedicine. [13] [14] [15] Therefore, for the purpose of this study, we had to defi ne the phrase 'integrative methods of instruction' and we defi ned it as follows:  The instructional methods that help in bridging the gaps between the two streams of sciences, that is, 'Ayurveda physiology' and 'contemporary biomedical physiology'  The instructional methods that help in integrating the theoretical knowledge with the clinically relevant application  The instructional methods that help in understanding the links between different organ systems and Dosha-Dhatu-Mala highlighting their role in maintaining the homeostasis.
In this study, we report the results of three experiments, where, we employed different instructional methods to emphasize the integrative way of understanding the subject. In the fi rst experiment [integrative module on cardiovascular physiology (IMCP)], the experimental group of students was subjected to a well-planned teaching module that incorporated the descriptions from Ayurveda texts along with the relevant information from the field of contemporary medical physiology in an integrative fashion. Development of such 'integrative modules' or 'cross-curricular units' is a known way of achieving integration, which eventually paves way to the development of a full-fl edged integrated curriculum. [16, 17] In the second experiment [case-stimulated learning (CSL)], the experimental group of students was exposed to CSL, which is a derivative form of the classical problem-based learning. [18, 19] In the third experiment, we incorporated 'classroom small group discussion' (CSGD), in which, the students were split into small groups and instructions were carried out in the form of guided group discussions where the process of active learning was emphasized. [20] [21] [22] [23] [24] Integrative explanation was the key feature in all the three experiments.
MATERIALS AND METHODS
The approval from the institutional ethics committee was obtained before starting with the experiments. Later, the relevant Ayurveda, Vedic, and contemporary literature related to the topic of present study was scanned thoroughly. Authentic portions from Ayurveda compendia along with the views of various commentators were screened. For the purpose of collecting the contemporary literature, the relevant textbooks, journal articles, and various authentic websites were consulted. [25, 26] In continuum, an effort was also made to interpret the classical explanation in terms of contemporary medical physiology. The material was then rearranged so as to plan the experiments meticulously.
Population
Population for the present study was defi ned in terms of the students who were registered in the fi rst professional Bachelor of Ayurvedic Medicine and Surgery (BAMS) program conducted in our institution for the academic years 2011-2012 and 2012-2013.
Sampling and randomization
Students of both the academic years were randomized and grouped separately into two equal groups: 'Experimental' and 'control'. We used the = RAND() function available with Microsoft Excel 2007 workbook for this purpose. During the session 2011-2012, two students were dropped out of the fi rst experiment because they opted out of the BAMS program. In second and third experiments, two more students were dropped out because of the same reason.
Experiments
The fi rst author of this report was the instructor for all the three experiments. All the experiments were conducted in the presence and direct supervision of the senior author.
IMCP
First stage: 'Discrete' and 'Integrative' teaching "An introduction to cardiovascular physiology" was the title of the module that was evaluated in this experiment. In this method, the experiment was done to compare the effectiveness of 'discrete' and 'integrative' teaching methods. We borrowed the term 'discrete' from the phrase 'discrete subject teaching', a well-known method used in the context of primary education. [27] We decided to use this term to highlight the position of 'detachment' while viewing the two streams of science. In this method, Ayurveda and contemporary biomedicine portion of the topic was delivered without discussing any correlation or integration. This is how usually teaching takes place in most of the Ayurveda education institutions. The control group received instructions in this conventional way, but the experimental group was introduced to a new way of instruction, that is, integrative method. In this method, the concepts of Ayurveda and contemporary medical science were correlated using the ideas derived from different sources of scholarly literature authored by various contemporary scholars. [28] [29] [30] [31] [32] Box-1 shows the summary of the content that was covered in two different methods of teaching.
Two sets of power-point presentations were prepared for the control group and the experimental group separately. Care was taken to follow all the guidelines for effective presentations in both the cases (for instance, each slide had less than six rows and each row contained no more than seven words). Care was also taken to cover all the topics with equal details for both the groups so that no group missed out on any vital piece of information. Duration of each teaching session was 1 hour. In total, both the groups received instructions for 5 hours each.
Box 1
Summary of the method in which the subject content was arranged and delivered under 'Integrative Module' How 'Rasavaha Srotamsi' and 'Cardiovascular system' are similar? 'Rasa' is the minutest and essential fraction of properly digested food, formed after the action of 'Agni' on it. It includes all the completely digested materials (absorbed from the gastrointestinal tract). This 'Rasa' reaches the heart and is then distributed all over the body through the blood vessels. The heart and the prominent blood vessels attached to it form the basis of 'Rasavaha Srotamsi'. The term 'Rasa' stands for all fl uids of the body that fl ow, including the blood (Rudhira)
Constituents of the cardiovascular compartment:
The heart and diff erent vessels attached to it transport the following four vital entities: 1) 'Rasa', the nutrient fl uid that nourishes rest of the tissues; 2) 'Rakta', the red fraction that is very essential for life; 3) 'Ojas', a white fraction, the functions of which are related to immune system; and 4) 'Prana', a fraction that is derived through the act of respiration. Therefore, the tissue that is known as 'blood' should include all these components. These entities could possibly represent the following constituents of blood: Plasma (Rasa), red blood cells (Rakta), cells of the immune system (Ojas), and blood gases (Prana) Circulation:
The blood (Rasa) is fi rst ejected out of the heart, is then distributed to all parts of the body, and, thereafter, is returned back to the heart through the blood vessels known as 'Sirah' Vascular System: Three diff erent kinds of blood vessels are documented in Ayurveda literature: 'Sirah' (vessels that carry the contents without pulsating), 'Dhamanyah' (vessels that pulsate), and 'Srotamsi' (vessels from which fl uids move out). This explanation assumes the presence of three distinct segments in the vascular tree: The pulsating (arteries-Dhamanyah) segment, the exchange (capillaries-Srotamsi) segment, and the transporting (veins-Sirah) segment The control of circulation: 'Vyana Vayu', a component of Vayu, continuously ejects the blood out of the heart and distributes it all over the body. The 'Prana Vayu', located in the head, controls the activities of the heart. In this context, 'Vyana Vayu' and 'Prana Vayu' denote the nervous control of circulation because Vayu, in general, represents all neural mechanisms Auto-rhythmicity of the heart: The heart keeps contracting and relaxing continuously and repeatedly on its own accord. 'Vyana vayu' constantly forces 'Rasa dhatu' out and 'Samana vayu' governs the process of re-entry of 'Rasa' into the heart. Transport of nutrients and maintenance of perfusion is achieved by the agency of 'Rasa' The mean fl ow velocity of the blood:
The pattern of the blood ('Rasa') fl ow is comparable with the movement of sound, fi re, and water. The sound moves fastest among the three. The speed with which the fi re spreads is dependent on the velocity of the wind, which is less than that of sound but greater than that of water. Similarly, the mean fl ow velocity of the blood goes on decreasing as it fl ows from the heart towards periphery Contd...
Assessment of the learning outcome
The learning outcome was assessed in the form of a short written test of 1 hour duration conducted after the completion of the fi rst stage of the experiment. The paper included subjective (13 questions) and objective (six questions) types of questions along with one question to assess the critical thinking ability. Each answer was awarded with the marks that varied from zero to one depending on the extent of understanding refl ected in the answers based on a predetermined protocol. Box-2 shows the sample questions from the test paper.
Second Stage: Crossing over
After the completion of the test, as a part of the second stage of the experiment, both groups were crossed over, during which, the teaching methodologies were interchanged.
CSL

First stage
This experiment was designed with an aim of achieving integration between 'theory' and 'application' along with achieving 'Ayurveda-Biomedicine' integration. This was done by incorporating CSL sessions into the conventional lecture. "Physiology of coronary circulation" was selected as the topic for the experiment. The students were fi rst introduced to an imaginary clinical case scenario. A brief history of the patient, symptoms, and investigation reports were provided, and thereafter, the physiology was described in a conventional manner. At the end of the lecture, the case was taken up once again and the students were asked to solve the mystery of the case. Based on the student responses, the explanations on physiological aspects were provided. Thus, the students went through the normal physiology, also being simultaneously exposed to the application aspect. Two power point presentations were prepared: One for the control group and the other for the experimental group. The control group of students received the information in a conventional way in which the 'clinical problem' was not discussed, though the integrative explanations were offered. Box-3 shows the subject content that was covered for two groups of the students.
Assessment of the learning outcome
The learning outcome was assessed in the form of a short written test of 30 min duration conducted after the completion of the fi rst stage of the experiment. The paper included 15 objective types of questions each with a single correct answer. Each correct answer carried one mark.
Second stage: Crossing over
After the completion of the written test, the groups were crossed over, during which the teaching methods were interchanged. 
Box 3
Summary of the method in which the content under 'Case-Stimulated Learning' was delivered The imaginary case scenario presented was as follows: "A patient aged 75 years comes to you complaining of sudden feeling of tightness in the chest that he developed after climbing 20-25 stairs.
The location of this pain is just behind the sternum and radiates towards left jaw, shoulder, and arm. Laboratory investigation shows elevated levels of serum cholesterol (350 mg/dl). What might be the reason for such manifestation?" Afterwards, the lecture was delivered explaining the normal physiology of coronary circulation and the pathology caused due to abnormalities. At the end of the lecture, the students were asked to solve the case on the basis of the knowledge that they acquired during the lecture. The integrative explanation off ered was:
Adequate perfusion to heart tissue is required for the mechanical, electrochemical, and biochemical functions of the myocardium. For this, an intact coronary circulation is required. In conditions where myocardial oxygen demands are markedly increased and when coronary blood fl ow is not adequate to fulfi ll this requirement, angina precipitates. In the case that is being discussed, a high level of cholesterol forms atheroma and reduces the diameter and elasticity of the coronary vessels, thus leading to the manifestation of angina. According to the principles of Ayurveda, proper functioning of 'Rasa' is essential for the maintenance of tissue perfusion along with normally functioning Vayu that keeps the vascular lumen patent. A condition similar to angina has been documented in Sushruta Samhita, namely, 'Hrit-shula'. In this condition, Vayu gives rise to pain in the chest and produces diffi culty in breathing. This is called Hritshula, produced by Rasa and Vayu. Another description found in Charak Samhita in the context of Rasa Kshaya is the development of pain in the chest which is precipitated after minimal exertion. Summary of the method in which the subject content was delivered under 'conventional teaching. ' A regular lecture on coronary circulation was given introducing the students to basic concepts such as physiological anatomy and factors infl uencing the coronary blood fl ow, along with the applied aspects of ischemic heart disease and the symptoms. Integrative explanations as explained above were off ered to this group also. However, the clinical case scenario was not presented in this method.
CSGD
In this method, the experiment was done to evaluate the effectiveness of closely monitored 'group study' and discussions. For this purpose, the students were distributed into multiple groups comprising of about 6 students each. They were then assigned a topic and were provided with the reference material in the form of textbooks and review articles. "Microcirculation and edema" was selected as the topic for this experiment. Students were asked to study, understand and discuss the topic for 1 hour within the group. The instructor acted as a facilitator and helped students in studying and understanding the physiological principles regulating the microcirculation, while also introducing them to the integrative way of understanding the concepts of 'Edema' and 'Shotha'.
As we had multiple groups that were exposed to 'small group discussion' type of study, we could not have a control group in this experiment. Further, we did not go for a written test because there was no group to compare the learning outcome with. Therefore, we had to rely upon the feedback that we received in response to the questionnaire that we distributed. Box-4 covers the summary of the content that was discussed.
Feedback from the learners
After the completion of each experiment, the feedback was obtained from the students. This feedback was in the form of questionnaires consisting of eight to ten statements. All the statements demanded students' level of agreement on a fi ve-point Likert scale. Half of the statements in each questionnaire were just the reverse of the rest. This was to make sure that the students expressed their opinions only after giving their thoughts carefully to the items. The fi ve levels of agreement were: 'Strongly agree', agree', 'undecided', 'disagree', and 'strongly disagree'. The fi ve-point scale was so adjusted that a score of 1 would mean a strong agreement in favor of the integrative method and a score of 5 would mean a strong agreement against the integrative method of teaching. During the analysis, a mean score lesser than 3 was considered to be indicative of the agreement in favor of the integrative method and a mean score greater than 3 was considered to be indicative of an agreement against the integrative method of teaching.
Reliability and consistency of the feedback forms
As described earlier, the students were asked to complete the learners' feedback forms after the completion of each experiment. A reliability test in the form of Cronbach's coeffi cient alpha was carried out in all the instances. This was done to fi nd out the correlation between the respective item and the total sum score (without the respective item) and the internal consistency of the scale (coeffi cient alpha) if the respective item would be deleted. While validating the scale, value of alpha greater than 0.7 was considered acceptable [33] and item-total correlation greater than 0.2 was considered acceptable. [34] Though we conducted this reliability test after obtaining the fi lled-in scale, the analysis shows that all the three questionnaires were reliable and consistent.
It is to be noted that while applying all the statistical tests, students of the two academic sessions were added up and were considered to be a single entity under each group. Table 1 shows the number of students assigned to each group and the total number of human hours spent (human hours = total hours of attendance multiplied by the total number of teaching hours) during each session. As depicted in this table, the maximum number of human hours, which indicates the attendance pattern of the students, was documented in the experimental group. This is indicative of the fact that the experimental group found the experiment to be more interesting than the conventional teaching method.
RESULTS
IMCP
Box 4
Summary of the content that was distributed on which the small group discussion was based:
The scheme of microcirculation. The diff erent types of the capillaries. The factors that govern and modulate the vascular permeability. The diff erent mechanisms of capillary exchange. Formation of lymph due to a diff erence in the working forces across the arteriolar and venular ends of the capillaries. The regulation of capillary exchange. The diff erent mechanisms of edema formation. The pathogenesis of Shotha, its diff erent types. 'Shotha' as a symptom in Grahani and other conditions. 'Rasa', 'Rakta', and 'Mamsa' are involved in the pathogenesis of 'Shotha' where fl uid homeostasis is disturbed. This imbalance culminates in the form of edema, that is, excess fl uid in interstitial spaces. Kedari-Kulya Nyaya views the diff erent tissues as diff erent fi elds, which receive water through diff erent canals, which in turn, are connected to a reservoir of water. Nutrient fl uid in this case is 'Rasa', which nourishes all tissues through specifi c channels. This theory possibly explains the importance of passive diff usion. 2 depicts the mean scores obtained by the different groups of students after undergoing the written test. As the table suggests, the difference between the mean scores obtained by the two groups was statistically signifi cant for only one question, that is, Q1 (mean scores for experimental group = 0.98 ± 0.11, mean scores for control group = 0.87 ± 0.30, P = 0.017). For the rest of the questions, the difference in the mean scores was not signifi cant. This means that the overall difference in the performance between the two groups was not statistically signifi cant.
On analyzing the feedback, we noticed that the respondents recorded a strong agreement in favor of the integrative teaching method (mean score 1.41 ± 0.84). They also felt the integrative method made the links between Ayurveda and contemporary physiology easy to understand (mean score 1.30 ± 0.51) and made Ayurveda concepts relevant for the present-day needs (mean score 1.41 ± 0.54). Table 3 depicts the mean scores obtained by the different groups of students after undergoing the written test. As the table suggests, the difference between the mean scores is statistically signifi cant for four questions (Q4, Q5, Q6, and Q7): The experimental group being able to score better than the control group in each case. For the rest of the questions, however, the difference was not signifi cant. Furthermore, the difference between the total mean scores is statistically highly signifi cant, with the experimental group (mean score 12.12 ± 2.07) scoring better than the control group (mean score 10.49 ± 1.71, P = 0.000).
CSL
On analyzing the feedback received, we observed that the mean scores were less than 2 for all the statements, which indicates that the students perceived CSL to be more appealing. The students also felt that CSL provided them with better insights into the application aspects (mean score 1.32 ± 0.47). 
CSGD
As we did not have a control group to compare the results with, we had to rely upon the feedback that we received. On analyzing the feedback from the learners, it was observed that the mean scores for each statement were less than 3. This shows that a majority of students perceived the CSGD to be better than the conventional method.
DISCUSSION
Though integrative interpretations of the classical Ayurveda textbooks are available in some scholarly books and journal articles, such scholarly literature has not become a part of routine teaching in Ayurveda colleges. This is especially true with the subjects such as Rachana Sharira (Anatomy) and Kriya Sharira (Physiology). The major reason for this is, unfortunately, the syllabus prescribed by the CCIM which lists out the topics belonging to 'biomedical sciences' and 'Ayurveda' discretely under different papers and sections, thus attempting at no integration. This has prompted many authors to write textbooks that are 'in accordance with the syllabus prescribed by CCIM'. Students generally prefer consulting the textbooks that are 'in accordance with the syllabus' and this trend has posed a threat of students learning Ayurveda only for the namesake. This obviously leads to a state where two mutually unrelated explanations are held simultaneously in an unacknowledged cognitive dissonance. [11] In fact Ayurveda, in its original form has always been open to other streams of sciences. For instance, Sushruta has endorsed this openness as follows: "One cannot become a good physician by studying only one stream of science; rather, one should study various streams of sciences to be a successful physician". [35] In spite of the availability of such descriptions in classical textbooks, 'Educational research' is still in its infantile state as far as Ayurveda education is concerned. There are no methodically conducted studies to suggest how Ayurveda should be taught in colleges, especially in the context of the recent advances in biomedical sciences. 'Are the epistemological bases of the two streams complementary to each other?', 'Should they be allowed to merge?', and 'If such a merger is needed, what are the means to achieve this?' -are a few vital questions that have remained unanswered. Many scholars and sociologists believe that there cannot be an entity like 'integrative medicine'. They argue that the core features of the two knowledge systems are mutually incompatible. [15] However, this view does not merit much attention as it lacks an in-depth understanding of both the sciences. Further, the recent advances in certain areas of biomedical sciences, such as systems biology, pharmacogenomics, chronobiology, stem cell biology, tissue engineering, neuroimmunoendocrinology, and biology of gut microbiota have strengthened the worldview that Ayurveda puts forth. [36] [37] [38] With this background, the present study was planned to incorporate 'Ayurveda-biomedicine integration' in the subject Kriya Sharira. 'Integration' in fact is being seen as a strategy for making educational experiences coherent, relevant, and engaging; connecting diverse disciplines; and facilitating higher-order learning. [39] In this context, the results of our study assume importance as there is a paucity of systematically conducted studies that evaluate the effectiveness of integrative approaches in Ayurveda education. The Integrative module (IMCP) that we designed and evaluated seems to have served the purpose of showing pointers to the possible ways of teaching the two sciences in an integrative manner. Similar modules have been prepared and evaluated in the context of medical education, the results of which are comparable with those of our study. [40, 41] CSL is intended at providing various degrees of early clinical exposure to the students in their preclinical years of study and therefore, aims at vertical integration. This also involves active learning. The results of our study are consistent with other similar studies. [18, 42] CSGD basically encourages interaction within the members of the group along with promoting communication skills. This is especially suitable for difficult subject matter involving complex facts. Because group sessions increase active participation, the members also learn from each other. [43] There have been several studies that examine the potential of small group learning in other fi elds of education. [20] [21] [22] [23] [24] Though we could not assess the results of this intervention objectively in our study, the student feedback suggests that this method is effective.
Implications of the study
The current study may be taken as a lead in planning the future course of Ayurveda education. As the next step, similar studies could be planned in other subjects and the merits of integrative approaches may be examined. These approaches may be incorporated into various faculty development programs so as to train the teachers in these methods. As the fi nal outcome, an integrative curriculum may be envisioned once suffi cient numbers of such studies are available.
Strengths of the study
 The study shows that development of testable integrative methods of teaching is possible in the context of Ayurveda education.  The study shows that bringing the scholarly literature into the graduate level classrooms is possible with the meticulously planned interventions.  The study also shows that integrative approaches make the topics likable and help in avoiding cognitive dissonance.
Limitations of the study
Our study had a few limitations, of which the following are important:  During the fi rst and second experiment, both the experimental group and the control group of students were receiving the instructions simultaneously, though in separate teaching sessions. Hence, we could not avoid any interactions among the students belonging to the different groups outside the classroom.
 Further, the instructor for both the groups was the fi rst author of the present study, and hence, we could not avoid the possible 'carry over effect', because of which, there might have been some amount of 'mixing up' of the contents during the lecturing sessions. Therefore, we suggest placing the two groups temporally distant, in the future studies of this kind.  We could not assess long-term learning outcomes because of time restrictions.  These integrative methods may not be applicable to all the topics that appear in the syllabus.
